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SSTLffi^S- vehicle and automatic guided vehicle control method 

Detailed De scription Text (24): instruction other than a halt command, a 

When the travel instruction «^ «£ c ^° h ^f 0 ™££ the travel instruction code 
determination is made at step SI 05 a to whether ~ tion speed in M 21 as an 

indicates a travel speed. After s "rii^ cne when the answer is affirmative, or 
up-date travel instruction speed at step S106 when \ other than trave l 

directly when the travel instruction code P rov ^ ^s"/- 1 ? here a cen ter position 
instruction speeds, the flowchart l°9"P^ C ^f a ^ 0 ^? c guided vehicle 3 from the 
value is detected as a lateral deviation of the 9 drive wheels 8 a nd 9 

path guide tape 2A at step S107 . T "^. ^°^ P ^f u p?dated travel speed, at step 
are calculated based on the l ater f s ^ a ^°™ e d at step S108 as a travel control 
S108. After reading the rotational calculated at p actual traveling speed 

speed VSL of the left drive wheel at step S109 an f "aoing difference of the actual 
VL of the left drive wheel at S110 subsequently, the speed VDL is 

traveling speed from the travel control speed VSL for the left ^ afc step 

calculated at step Sill. Subsequently to a deceleratio i tion is necessary, in 

S112, a determination is made at sl " ^ ™ ™ n =." left drive whee l VDL is greater 

other word, whether or not the speed £5 f !"^% 0 or ?«■ than zero, an 
than zero. When the speed dif f er e " c ^!° L s ^ 4 eq ^ s "° n tly, the contact switches Ra-Rd 
^^^on^te is <= a i culate ^ t S io ^ r ^Vthe puls~e width modulation control 
are operated based on the acceleration rate , by the p direction at step S126. On 

(PWM) at step S125 to drive the drive motor^ in the £™ subsequent ly to a 

the other hand, when the speed di f f er ence VDL is g a 
brake changeover judgement based on the critical speed C reg * nerative brak ing and 
determination is made at st ep 8115 as to *™= . tion is ma de by comparing the 

reverse braking are demanded to apply. This da termin difference VDL is 

speed difference VDL with ^e critical speed ^* » J e is calculated at 
greater than the critical speed CL, then, a re gener ated bas ld on the 

step S121. Subsequently, the contact switches Ra Rd are °P sl22 to 

regenerative braking rate by the pulse width «o*Urtion con r M r 
drive the drive motor 6 so as to produce <*"^ ^M^he Critical speed CL, then, 
when the speed difference VDL is equal to or less than the difference BL at 

subsequently to brake changeover judgement ■5£ r £ n ? 0 t 2 hether the reverse braking is 
step S116, a determination is made at step S117 as to h critical 

demanded. When the speed difference VDL is equal to or ^ ^ tly , the 

difference BL, a reverse ^^akina^ iscalculat rtverse'taakinirate by the pulse 
contact switches Ra-Rd are oper ated bas ed on t ^^l^-^^t^e in the reverse 
directTon^Porthrfight drive motor^the same operation is performed through steps 
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** See' image for Certificate of Correction ** 

TITLE/ Automatic train operation with position stop and velocity control 

te'SSv^ ut^tic control system for a^rain of transit vehicles which regulates 
thelvelocity of th< I i .in -rnrl it" ^-q ^ ^cordance with a predetermine^ 

^elociS^S EmS^^^r The system includes apparatus for compensating for 
"Sat ions in wheel diameter and train length in such a manner as to assure that the 
center Tf the train regularly sto^ a predetermined point with W^ 0 ^"^ 
station stoppinTp^int. On board receivers are responsive to wayside signal devices 
for establishing ?he operating velocity of the vehicle and for initiating entry into 
the predetermined braking profile. Since vehicle control is effected by wayside signal 
devices the distance between stopping points^y be indefinite. The system includes 
apparatus which permits passing selected stopping points when desired. 

Thifinv^nt^rfl ate^to automatic control systems for traction vehicles and has 
particular application to rapid transit or other railway vehicles. 

Brief Summa ry Text (3) : , n j fflr , rm , p 

Automatic train op eration (ATO) control systems have been developed to ^P™^ the 
operation oTTipid transit systems and to minimize the opportunity for accidents 
causea by huma^error. In general, ATO systems include signal devices positioned along 
a fixed auideway, such as a railway track or monorail system, for providing 
information to vehicles on thTluTaeway as to the position of the vehicles and the 
velocTty at wM ch the v ehicles Ire to proceed. Communication receivers on the vehicles 
receive the information from the wayside signal devices and convey it to the ATO 
control circuitry which controls power and braking to regulate the velocity of the 
vehicles . 

AlthLgrATO^syste ms'for controlling the velocity of a vehicle are not unusually 
complex the addition of control circuitry to stop the vehicle at a predetermined 
position without excessive deceleration or jerk can result m a quite complex 
arrangement. Furthermore, the implementation of position stop circuitry using analog 
techniques -which require multiple potentiometers for setting voltage levels and rely 
on capacitor energy storage-may become, in addition to being complex exceBSXve « 
physical size. For example, many additional components may be need ed if th P= 
stop circuit is required to adjust the stopping point of the lead ^^* in * tral " 
of vehicles which can vary from one to ten vehicles in length. In addition, the 
diameter of the steel wheels on the vehicles change with service and the system must 
compensate for that change in computing the position of the train with respect to the 
stopping point . 

Br ief Summary Text (7) : «,*.-«, , 

It is an object of this invention to provide an improved ATO control system for a 
vehicle traveling on a fixed guideway. 

Brief Summa ry Text (8): _ „„^ m 

It is another obje ct of this invention to provide an improved ATO control system with 

a position stop control which can be easily adjusted to accommodate variable train 
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lengths and wheel diameters. 

Dra wing Description Text (3) : _ fixed quideway which are 

stop at a desired stopping point; 

^ff^EsPn^t^^r.. sheets labeled « «B and 6C is a sciatic 
representation of the braking rate regulating portion of FIG. 2, and 

^^^m^Snof^e performance characteristics of a vehicle 
incorporating the present invention. 

Detailed Description Text fced , train of two vehicles 10 and 12 which are 

^^rS&s£r^ s-as asrs: ssra-- « 

specifying a desired velocity for ttie venicies xu ai u respectively, to 

m P ay provide if °^ion specify^ the distances ^^"^^STE^M 

signal which will control the power supplied to the electric "action mot 
a gear tooth passes by the sensor 32. 

giStST^n^ ^^S^tr^^X-S^M 2» fa 
fixed linear distance. Both switches 34 and 36 are arranged to provide an output 
signal indicative of their respective set positions. 

rreguency^o^tige conv erter 40 may be of a type well known in the art for 

is responsive to the signal from switch 36 for adjusting the magnitude of its velocity 
representative output voltage as a function of the diameter of the wheel being 
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monitored by sensor 32. Such an adjustment is necessary since the number of pulses per 
wheel revolution produced by sensor 32 remains constant even though the wheel diameter 
may vary resulting in a varying number of pulses per unit of linear distance traveled 
bv the vehicle 12. For adjustment purposes the converter 40 may include an output 
ampimir-^ie gain is adjusted by the signal from switch 36 such that the analog 
velocity signal from converter 40 is maintained proportional to linear velocity of the 
vehicle 12 . 

Detailed Des cription Text (8) : , nTial 
The program stop function is implemented when the vehicle 12 passes a wayside signal 
device and an appropriate signal is detected by a vehicle carried program stop marker 
receiver 42. The details of such a receiver 42 are well known in the art and may take 
the form of the carrier receivers shown and described in the aforementioned U.S. Pat. 
No 3,334,224. As disclosed in that patent, the receiver 42 is preferably a tone 
modulated receiver which identifies the location of the received signal by its 
frequency modulation. Since each wayside signal device is located at a different 
predetermined fixed distance from a desired stopping point, the information conveyed 
by each device is an identity code rather than distance data. 

De tailed Description Text (9) : , ^ a 

The program stop marker receiver 42 provides an output signal representing the 
identity of the received wayside signal to a program stop control logic circuit 44 
The logic circuit 44 provides several functions, a primary function being to convert 
the signal from receiver 42 to a digital address for use in addressing the memory 
device 38. The combination of the digital signals from logic circuit 44, switch 34 and 
switch 36 provides a complete digital address specifying a location in memory device 
3 8 at which is stored a digital number representative of the number of revolutions 
through which a wheel of the diameter specified by switch 36 will revolve m order to 
stop the center of the train of vehicles at the desired stopping point. When the 
memory device 38 is addressed, it transfers to its output terminals the value stored 
at the addressed location. The functions performed by logic circuit 44 are initiated 
by closing a START switch 45. 

Deta iled Description Text (10) : 

A counter 4 6 of a type well known in the art has its input terminals connected to the 
output terminals of memory device 38. Each time that a wayside signal device is 
detected by the vehicle 12 and a new address generated by logic circuit 44 the 
circuit 44 also provides an enable signal to counter 46 so that the digital number 
developed at the output terminals of memory device 38 is transferred into an internal 
register of counter 46. The value in the internal register is thereafter counted down 
as a function of the revolutions of the wheel whose velocity is being monitored As 
shown, the counting down function is accomplished by connecting the pulses developed 
by speed sensor 32 to a clock terminal of counter 46 via a conductor 30. Thus, the 
sensor 32 produces pulses representative of wheel rotation which pulses are effective 
to decrement the number stored in counter 46. Preferably the pulses developed by 
sensor 32 are shaped by a pulse shaper circuit 48 before being supplied to counter 46. 
Such shaping circuits are well known in the art and may also include level detection 
to minimize spurious pulses caused by a noisy environment. 

De tailed Description Text (11) : 

Since the number stored in the counter 46 is decremented as a function of the 
revolutions of the vehicle wheel, i.e., the distance actually traveled by the vehicle, 
the number remaining in the counter 46 at any time is a reference signal 
representative of the distance remaining to the desired stopping point. In a preferred 
embodiment the power control system for the vehicle 12 requires analog command or 
error signals for operation. Accordingly, the digital reference signal from counter 46 
is converted to an analog signal by a digital-to-analog (D/A) converter 50 of a type 
well known in the art. The magnitude of the signal developed by D/A converter 50 then 
becomes a distance-to-go reference signal "d." 

Detailed Description Text (12) : 

In the program stop mode of operation the control system is arranged to control the 
vehicle deceleration rate such that a predetermined velocity versus distance profile 
is maintained. The criteria for the profile is to provide smooth, jerk free 
deceleration with complete cessation of movement at the desired stopping point. The 
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program stop control system therefore supplies to the vehicle power control system a 
control error signal or command signal which calls fora^g sired ^akinq gfSB °t p 
deceleration rate. The desired deceleration rate may-&e-set^t any selected value, 
eg one mile per hour per second or five miles per hour per second or any other 
desired value, and that rate could then be commanded by an appropriate magnitude of 
the control error signal. However, stopping the vehicle at the desired point requires 
dynamic adjustment of the control error signal as a function of the position of the 
vehicle on the guideway. The system thus far described provides a critical component 
irtfi^dynamic Adjustment arrangement, i.e., the reference distance-to-go signal d 
is .continuous reference of the actual position of the vehicle on the guideway with 
respect to the desired stopping point. Another critical component in the dynamic 
adjustment arrangement is the determination of whether the velocity of the vehicle at 
any actual position meets the predetermined velocity/distance profile^ To this end, 
another portion of the program stop circuit continuously determines the distance 
required P to stop the vehicle given its current velocity and the desired deceleration 



rate . 



iTcra^r grS^^ t^i'a, a function of veiocity, the velocity representative 
pulses developed at an output terminal of pulse shaper 48 are applied to a first input 
terminal of a multiplier circuit 52. A second input terminal of multiplier circuit 52 
is connected to an output terminal of frequency-to-voltage converter 4 for receiving 
a signal whose magnitude is representative of vehicle velocity Multiplier circuit 52 
operates to multiply the signals on its first and second input terminal to thereby 
develop at an output terminal a signal representative of the product of the two input 
signals. Since both input signals are representative of the velocity of the vehicle 
12, the product signal developed by circuit 52 is representative of the square of 
vehicle velocity. 

Detail ed Description Text (17): 

From junction 58 the brak e control error signal is coupled through a switch 60, an 
amplifier circuit 62 and an analog "OR" circuit 64 to an output conductor 66 and 
thence to the power control system for the motors propelling the vehicle 12 . The 
signal on conductor 66 whether provided by the brake rate circuitry just described or 
by the velocity control circuit to be described hereinafter is a tractive effort 
control signal for the power controlling system of the vehicle 12. A detailed 
description of the use of the signal on conductor 66 for controlling the vehicle 12 
may be had by reference to U.S. Pat. No. 3,457,487 issued on July 22 1969 to D 
Cooper and assigned to the General Electric Company. In that patent the block labeled 
"TRACTIVE EFFORT SIGNAL SOURCE" corresponds to the system diagram herein identified as 
FIG. 2. 

Detailed Description Text (18): , . , . _ 

Referring still to FIG. 2, the desired deceleration rate a may be selected by a rate 
selection circuit indicated schematically as a switch 68 on board the vehicle 12. The 
specifying of a desired rate could also be implemented with a wayside signal device 
and on-board receiver. The switch 68 is preferably arranged such that a different 
predetermined voltage magnitude is produced for each different desired braking or 
deceleration rate. 

Det ailed Description Text (19) : 

For most of the operating velocities of the vehicle the signal developed by switch 68 
is used as the desired deceleration rate signal. However, at very slow or relatively 
fast speeds, the signal from switch 68 is modified slightly to avoid " D erks" or 
step-changes in velocity. This signal modification is accomplished by coupling the 
signal from switch 68 to a first input terminal of a summing junction 70. A second 
input terminal of junction 70 is connected to an output terminal of a function 
generator circuit 72. The circuit 72 has an input terminal connected to the output 
terminal of converter 40 for receiving the signal representative of the velocity of 
the vehicle 12 . 

De tailed Description Text (20) : ^ - 

The function generator circuit 72 may be of any of the types well known in the art for 
providing an output signal as a predetermined function of an input signal. In the 
preferred embodiment the circuit 72 is arranged to provide an output signal in 
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response to either very small or very large amplitude input ^-l^The arrangement^ 
is such that for vehicle velocities bet ween f £ **ample 3 ?o por velocities 

circuit 72 has no effect on the output signal from summi 9 3 rate signal . . t a 

preL^iLr^r^ 

n ot - a ilPrl Description Text (21): „=1ocitv control of the vehicle 12 in 

The control system of FIG. 2 also Provides for velocity contr -onTiystem 
response to velocity command signals from wayside described in the 

includes a velocity command receiver 74 ^^InlfLt^ by receiver 74 are 
aforementioned U.S. Pat No. 3,334,224. The signa received signals and 

coupled to a velocity ref erence gene w ° output signal whose voltage amplitude is 

signal from converter 40 to generate a velocity error signal. 

Detailed Description Text (22) : . al is modif i e d by an additional 

in the embodiment of FIG 2 velocity errog surami ng junction 78 from a 

compensation signal coupled to a third ^"t term bias volta ge which is summed 
function generator 80. The compensa t ion signal P^vides a b velocity error signa l 

with the velocity reference signal to produces ^"^ity error signal is used to 
as vehicle velocity increases. The lar ger m *^ ea ^ ng e ^ 0 ^ ty . since the compensation 
compensate for increases in wind drag with increasing veio V from 
signal is necessarily a function of velocity, the veloci 8Q gnd ides a 

converter 40 is coupled to an input terminal fu ^"°*j£ nsation si nal may be a 

reference for developing ^- c °f-f^^/^ y ^ eed bac k signal depending upon the 
linear or non-linear function o th v 1m ity teeaoa y ^ driving 

rhr^ehlc^e.lun^enLatorrsuit^e'for Replications Ire well known in the 

art and will not be detailed herein. 

Detailed De scription Text (23) : ollmm ina iunction 78 through an amplifier 82 

The velocity error signal is coupled from summing ^nctio g ^.^ be a 

to a second input terminal of analog OR circuit 64 the velocity 

diode OR circuit is arranged such that the most restrict i ^ conductor 

^t^^^^^^^^^ application of power to the 



motors of vehicle 12. 



Detailed De scription Text (24) : present inventive tractive effort control 

An additional feature incorporated into the P r e s f"t inven the entrance of the 

system includes a brake anticipation circuit 8 which anticipates the ^ ^ 

vehicle into a braking mode and is adapted to reduce the XfME- mode into 

signal on conductor 66 in order to smooth the transition tro p y f ^ 

the position stop mode. The brake anticipation circuit 84 is enab^ ^ ^ 

logic circuit 44 via conductor 86. The "Stance to go 88 to a second input terminal 

terminal of summing junction 56 is coupled via =° n ^° r s ° gn ^ is less tha „ a 

of anticipation circuit 84. If the distance-to go error sign conductor 88) and 

predetermined positive value (as ndi ated by a -all^ign^ $ ^ g 

the train is moving at a relatively nign B P» > apne rates an output signal of a 

velocity-signal) , the brake anticipation circuit 84 generates an P 9 qr 

predetermined magnitude which is applied to a third input term inax a 

circuit 64. The signal from anticipation circuit 84 ^amps the tr active g 

to the predetermined magnitude thereby cal ling for a ^king rate . raoving P too fast when 

smoother transition onto the program ^op profile if the a h 

the receiver 42 on the lead vehicle passes the first or °^ e ™ is 

cooperating wayside signal devices 24 and 26 as the desired stopp g P 
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hereinafter in conjunction with the description of FIGS. 6 and 7. 

^nor^^^tch^ O^illustrated a S a relay contact but which .ay be a solid 
state switch such as a junction field effect transistor, is closed by a signal from 
log ic circuit 44 generated in response to entry into the program stop mode of 
operation. In the event that it is not desired to stop the vehicle 12 at the 
approaching station, there is provided a manually operable bypass switch 90 which 
when closed, forces the logic circuit 44 to de-energize switch 60 so that the vehicle 
12 operates in response to only the velocity error signal. Closing of the bypass 
switch to however does not affect the operation of the distance-to-go circuitry and 
accordingly the distance-to-go error at the output of summing junction 56 continues 
to be upland. This permits the vehicle 12, within reasonable limits, to be forced 
back onto the programmed velocity/distance profile in the event that it is 
subsequently decided to stop at the approaching station and the bypass switch 90 is 
released. 

D etailed Description Text (26): i.w-i.j urr-o u -*n mfl 

Referrinq now to FIG. 3, which is divided into three sheets labeled FIGS. 3A, 3B, and 
3C there is shown a more detailed arrangement of the digitally implemented program 
stop control circuit of FIG. 2. For purposes of explanation the ATO system will be 
assumed to have two check points prior to reaching a predetermined stopping point or 
station, each check point having a wayside signal device for generating a position 
siqnal Receivable by the passing vehicle . The program stop marker receiver 42 operates 
in lie manner described in the If oTiiintioned U.S. Pat. No. 3 334,224 to provide a 
first signal indicated as PS1 on a first conductor 100 when the outermost distant 
signal device is passed and a second signal indicated as PS2 on a second conductor 102 
when the next distant signal device is passed. Preferably the PS1 and PS2 signals are 
generated by closure of relay contacts in the manner described in U.S Pat. No. 
i334 224 Preferably also, the relay logic is so arranged that a system reset signal 
can oe applied to force all relays to their initialized condition. Since the signals 
111 and PS 2 are generated by actuation of relay contacts, both sign, ^"e coupled 
through a contact bounce eliminator 104 of a type well known in the art. The <r°"tact 
bounce eliminator 104 may be, for example, a type MC 14490 as shown and described on 
pages 8-30 et seq. of Volume 5, Series A of The Semiconductor Data Library, McMOS 
integrated Circuits, published in 197S by Motorola Semiconductor Products, Inc 
Another stage of the eliminator 104 is also used to shape the station bypass signal 
BPR produced when the switch 90 is closed. 

The^ancTof^ code for PROM ' s 124 and 126 is provided by the 

length switch 34 and the combination of the PS1 and PS2 signals from the program stop 
marker receiver 42. The PS1 signal is coupled via conductor 127 through an amplifier 
128 to the A sub. 5 input terminals of PROM's 124 and 126. Similarly, the PS2 signal is 
coupled via conductor 129 through an amplifier 130 to the A. sub. 6 input terminals of 
PROM 1 s 124 and 12 6 . 

Detailed Descript ion Text (32): , 
The illustrative system i s adapted to be utilized with a train of vehicles not 
exceeding eight cars in length However, it will be obvious that the system is readily 
adaptable ^accommodate larger numbers of vehicles. It is also apparent that stopping 
a train of vehicles so that the center of the train is at the mid-point of a station 
w ill result in a ve hicle being centered on the mid-point of the station in the case of 
a train having an odd number of vehicles whereas a train having an even number of 
vehicles would stop with the junction between two vehicles being centered on the 
station mid-point. Accordingly, it is preferable to adjust the train center point for 
stopping purposes as a function of an odd number of vehicles . For example, the lead 
vehicle in a train of one vehicle or two vehicles will stop with its center at the 
station mid-point. Similarly, the second vehicle in a train of three vehicles or four 
vehicles will stop with its center at the station mid-point. 

Deta iled Description Text (33): ^m-^y, 
In order to stop the t TUn in the manner described, the tram length selector switch 
34 is set to the position indicative of the number of vehicles in the tram . In the 
one or two vehicle position, the switch 34 energizes a relay coil 131 via a conductor 



6ofl3 



5/1/03 2:54 PM 



Record Display Form http://westbrs:8002/bin/gate.exe?^ 

132 causing relay contact 133 to be picked up and couple a voltage V + on to a conductor 
134 in the three or four vehicle position, the switch 34 energizes a relay coil 135 
via 'a conductor 136 causing-rili? contact 137 to be picked up and couple the voltage 
V + onto a conductor 138. In the five or six vehicle position, the switch 34 energizes 
both relay coils 131 and 135 thereby coupling the voltage V+ onto both conductors 134 
and 138 In the seven or eight vehicle position, neither relay coil 131 nor 135 is 
energized and both conductors 134-^138 are grounded. As shown, both relay coils 131 
Ind 135 are shunted by respective voltage spike suppression circuits 139 and 140. 
Adaptation of a ^position switch such as switch 34 to produce the described logic 
function is well known to those having ordinary skill in the art. 

gSg^Sti^cfTr^.:-. i.e., if switch 9 0 is closed so -at the systems 

^re noised' fo Atopping the vehicle 12 . In a preferred implement ation the system 
generates a stop signal prior to the counter reaching zero counts. In order to reset 
?he program stop system when a station stop is bypassed, a logic circuit is Prided 
for monitoring the count in the counters 144, 146 and 148 and for generating a SYSTEM 
RESET signal when the count reaches a predetermined value. The logic system comprises 
a Plurality of diodes 159 connected to selected output terminals of counters 146 and 

4 og al OR gate arrangement so as to produce a logical zero output signal 

whenever the count remaining in the counter 46 is equivalent to a decimal count of 31. 
In the OR gate arrangement the cathodes of the diodes 159 are each connected through a 
resistor ill to a base terminal of an NPN transistor 163. The emitter terminal of 
transistor 163 is connected to ground potential whereas its collector terminal is 
connected to a relatively positive voltage V + through a resistor 165. A base bias 
resistor 167 is also connected between the base terminal of transistor 163 and ground 
potential When a logical zero signal is developed at the base terminal of transistor 
163, the transistor 163 is rendered non-conducting and the positive voltage V + 
connected to the resistor 165 appears at the collector terminal of tran sistor 163^ The 
positive voltage signal at the collector terminal of transistor 163 is used as the 
SYSTEM RESET signal . 

Whence v^iclf ^^pe rmitled to stop at a station, the tach pulses are no longer 
genLated'^fe counter 46 ceases counting down. When the vehicle operator closes 
the START switch 45, one set of contacts of the switch 45 are connected to apply a 
Sicaf zero or ground potential to the base terminal of transistor 163 Accordingly, 
whin the vehicle 12 is commanded to depart from a station, a SYSTEM RESET signal is 
developed at the collector terminal of transistor 163. 

Detailed Description Text (41): 

The PS1 and PS2 signals from contact bounce eliminator 104 (shown in FIG. 3) are 
coupled into a plurality of parallel connected circuits. As explained previously the 
PS1 signal is generated when the vehicle passes the outermost program stop signal 
device The PS? signal thereaf ter^Ea^at a high or logical 1 level until a system 
reset occurs. The PS2 signal is generated when the vehicle passes the second program 
stop signal device and it also thereafter stays at a high or logical 1 signal level 
until a SYSTEM RESET signal is produced. The PS1 and PS2 signals are applied in 
parallel to first and second input terminals of an AND gate 174, to first and second 
input terminals of an AND gate 176, to first and second input terminals of an 
exclusive OR circuit 178, to first and second input terminals of an OR circuit 180, 
and to respective input terminals of inverting amplifiers 182 and 184 In ad dition the 
PS2 signal is applied to an input terminal of an inverting amplifier 186 to develop on 
a conductor 188 a signal corresponding to PS2 , i.e., a signal which is a logical 
inversion of PS2 . The PS2 signal is not used in the preset enable or reset circuitry 
but is developed here for application in that part of the program stop control logic 
circuit 44 shown in FIG. 6. 

Detailed Description Text (42) : 

Turning first to the inverting amplifiers 182 and 184, the output terminal of 
inverting amplifier 182 is connected to a first input terminal of an AND gate 185 The 
output terminal of inverting amplifier 184 is connected to a second input _ terminal of 
the AND gate 185. By definition an AND gate provides a logical 1 output signal only 
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when all of its input terminals are supplied with a logical 1 input signal . 
Accordingly, when the vehicle has not entered into the program stop mode of operation 
so that both PS1 and PsTiiiEals are at a logical 0 level, the *f e " e " "^J;* 4 
provide logical 1 input signals to both of the input terminals of AND gate 185. The 
output signal developed at an output terminal of AND gate 185 is therefore at a 
logical 1 level. The output terminal of AND gate 185 is coupled via a conductor 187 to 
an amplifier 190 which provides the RESET signal on a conductor 192 The output 
terminal of AND gate 185 is also coupled to the set input terminal of a flip flop 194. 
A reset terminal of flip flop 194 is connected to an output terminal of OR gate ISO, 
which gate 180 develops on a conductor 224 a signal corresponding to PS1+PS2 i.e^, a 
signal which is a logical 1 whenever PS1 or PS2 or both are at logical 1 levels As 
will be apparent, prior to entering the program stop mode of operation the output 
signal developed by OR gate 180 will be a logical 0 and since the srgnal developed by 
AND gate 185 is a logical 1, the flip flop 194 will be in a set mode In the set mode 
of operation the Q output terminal of flip flop 194 will be at a logical 1 level and 
the Q output terminal will be at a logical 0 level. 

Detailed Descript ion Text (43) : . „.,._ 

The Q output terminal of flip flop 194 is connected to an input terminal of AND ga e 
196. An output terminal of AND gate 196 is connected to an input terminal of AND gate 
168. Accordingly, when flip flop 194 is in a set mode, a logical 0 applied to an input 
terminal of AND gate 196 from the Q output terminal of flip flop 194 will cause the 
output signal developed by AND gate 196 to be a logical 0 which in turn being applied 
to AND gate 168 will provide a logical 0 output signal from this latter AND gate 
Since AND gate 168 is connected to control the application of the CLOCK signals being 
developed on line 172, the presence of a logical 0 on one of its input terminals will 
result in inhibiting the CLOCK signals. Thus, whenever the vehicle has not entered 
into the program stop mode of operation, CLOCK signals are inhibited. 

Detailed Description Text (53) : 

Referring now to FIG. 6, which comprises the three sheets labeled FIG. 6A FIG. 6B, 
and FIG. 6C, there is shown a more detailed illustration of the circuitry for 
developing the tractive effort control signal from the distance-to-go reference signal 
and the distance- to-go feedback signal based upon the desired acceleration rate 
signal. As indicated previously, the distance-to-go feedback signal is computed as the 
quotient of the square of actual velocity of the vehicle divided by twice the desired 
acceler ation rate . In FIG. 1 this was illustrated as being accomplished by a 
multiplier circuit which multiplies a signal representative of the frequency of tne 
pulses generated by the speed sensor by a second signal which is an analog signal 
whose amplitude is proportional to the frequency of the speed sensor output signals. 
As shown in FIG. 6, the analog VELOCITY signal developed by the frequency to voltage 
converter 40 is applied via a conductor 252 through a variable resistor 254 and a 
fixed resistor 256 to a source terminal of a field effect transistor 258 The f leld 
effect transistor 258 is utilized as a switch which is turned off and on by the shaped 
speed sensor pulses developed by pulse shaper 48. These shaped speed sensor pulses or 
TACH pulses are applied via conductor 260 to a gate terminal of the field effect 
transistor 258. A bleeder resistor 262 is connected between the conductor 260 and 
ground. Inverse parallel connected diodes 264 and 266 are connected from the source 
terminal of FET 258 to ground to limit the voltage magnitude applied to the source 
terminal . 

Detai led Description Text (55): 

The effect of switching t ransistor 258 by application of the speed sensor pulses is to 
produce an output signal which is a function of the amplitude of the velocity 
proportional signal produced at the source terminal of the transistor and a function 
of the pulse width of the signals applied to the gate terminal of the transistor. 
Thus, a signal is developed at the drain terminal of transistor 258 which is 
essentially a pulse width, pulse height product and is therefore proportional to the 
square of the velocity of the vehicle . The gain of the amplifier 268 is adjusted such 
that the signal produced at its output terminal is proportional to the square of the 
velocity, i.e., V.sup.2, divided by twice the desired acceleration rate a. The value 
of the acceleration rate is controlled by the scaling of the gain of the amplifier 

268. 

Detailed Description Text (60) : 
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The drain terminal of FET 294 is connected to an inverting input terminal of an 

of ampUfier 306 The diode 316 ha S its anode connected to an emitter terminal of a 
transistor 312 whose base terminal is connected to an output terminal of amplifier 
306 Tne collector terminal of transistor 312 is connected to voltage source V + The 

when in the program stop mode of operation. 

ZSfff ielferfecc tran sistor (FET) 334 also has its drain terminal connected to the 
toain terminal of FET 294 so that a lower value of deceleration as desired for the 
cusMon s^op mode may be called for just prior to actual stopping of the^ic^ The 
source terminal of FET 334 is connected through a resistor 336 to a source of negative 
voltage V The voltage level applied to the source terminal of FET 334 is limited by 
Se inverse parallel connected diodes 338 and 340 Both the FET 322 and 334 are 
controlled by signals indicating whether the vehicle is moving, whether a PS1 or PS2 
"hp hit been selected and the speed of the vehicle . The ohmic resistance of the 
Teries resistor 36 is mace muc^larger than""!*^* resistor 320 in order to call for 
a smaller brake rate during cushion stop. The FET 334 is effective to control the 
oraktng rate only within Aery narrow low speed range « »*"£^f a £f " £ eB 
changing the value of the resistor 320 and the gain of the amplifier 268, the system 
can be adjusted to any desired deceleration rate. Alternatively additional "stages 
of deceleration could be implemented by adding FET networks as desired. 

^rln^orvelocitrslgna l'generated by the f requency- to -volts converter 40 is applied 
to a detector circuit 342 which provides an output signal indicative of whether the 
vehicle is moving or not moving. The circuit 342 may be a simple voltage level 
Htftfr witS a logic output such that a no-motion signal (MM) is P^ced on a 
conductor 344 if the velocity of the vehicle is determined to be less than a 
Predetermined threshold level, e.g., two miles per hour. If the velocity of the 
vehicle Ts greater than the predetermined threshold level an NM or motion signal is 
produced on a conductor 346. 

Th:1l!oci^sSaris e aL o 6 coupled into another motion detection circuit 348 which 
determines if the velocity of the vehicle is greater than a second prede termined 
threshold which in the present illustrative system may be, for example, 5 miles per 
hour In addition the velocity signal is also coupled into a third threshold detector 
350 which detector is set to determine whether the speed of the vehicle exceeds a 
third threshold level, which in this example has been set at 57 miles per hour The 
second threshold detector 348 produces an output signal ^^f^ * ^excess 
signal, or LM signal, which is a logical 1 if the velocity of the vehicle is in excess 
of 5 miles per hour. The third threshold detector 350 produces a high motion, or HM 
sional which is a logical 1 if the velocity of the vehicle exceeds the 57 miles per 

:tSd The threshold detector 342 may comprise a pair of circuits similar to 
those shown in the threshold detector 348 and 350. As shown, the threshold detectors 
348 and 350 may each comprise voltage comparators with appropriate biasing networks 
selected to cause the comparators to switch output states when the input "9nal 
reaches an amplitude corresponding to the respective predetermined threshold levels. 
As such threshold level detectors are well known in the art, a detailed description of 
their construction will not be given. 

Detailed Description Text (67) : 

The NM signal is connecte d to a first input terminal of an AND gate 352 a second 
input terminal of AND gate 352 being connected to receive the LM signal from the 
comparator 348. An output terminal of AND gate 352 is connected to a first input 
terminal of an OR gate 354. The second input terminal of OR gate 354 is connected to 
an output terminal of an AND gate 356. This latter AND gate has a first input terminal 
connected to receive the NM signal and a second input terminal connected to receive 
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the LM signal. The LM signal is developed at an output terminal of an 

a narrow range, i.e., a speed between 2 ana d m-nc* p«= 
be implemented. 

logical 0 signal which is applied to a gate terminal of the FET 322. The FET 
gated into conduction by the logical 0 signal. 

velocity of the vehicle is between 2 and 5 miles per hour. 

nf pig 2 is shown in FIG. 6 and includes the threshold detector 350 which detects 
when the veLcityYf the vehicle is exceeding a third threshold level An output 
terminal of toe threshold-ditictor 350 is connected to a first input terminal of a 
logical AND gate 372. To make the AND gate active only when the system is waPSl 
program stop control mode, a second input terminal of the AND gate 372 is coupled to 
an output terminal of a logical AND gate 370. The logical AND gate 370 has f irst and 
second input terminals which are connected respectively to receive the PS1 and PS2 
sianals described previously with respect to FIG. 4. The logical signal developed by 
STmS gate 370 win be a logical 1 if, and only if, the system is in a position stop 
mode^ucf that the PS1 signaAas been generated and the -cond signal device has not 
vet been detected. In the event the second signal device has been detected, it « 
desirabL to inhibit the brake anticipation system and to assure that maximum braking 
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is effected. The AND gate 372 has its output terminal connected to a first input 
terminal of an AND gate 374, a second input terminal of AND gate 374 being connected 
to the output terminal of AND gate 300. The AND gate 374 is active only when the 
system is in a program stop control mode as evidenced by a logical 1 "3^1 being 
generated by the AND gate 300. Thus, a logical 1 output signal will be generated by 
Ehe AND gate 374 if the system is in a program stop control mode and a second signal 
device has not been detected and the vehicle speed is greater than a third threshold 
level . 

Detailed Descript ion Text (71): 4-^^«,-{^^i 
An output terminal of the logical AND gate 374 is connected to a first input te ™inal 
of a logical AND gate 376. A second input terminal of the AND gate 376 is connected to 
an output terminal of a level detector 378. The level detector 378 has an input 
terminal connected via a conductor 380 and a resistor 382 to the output terminal of 
ampUrter 282. Thus, the input signal to the level detector 378 is the program stop 
error signal developed at the output terminal of the amplifier 282. So long as the 
program stop error signal is negative or, if positive, so long as its magnitude is 
less ?han that of the preset negative bias in the level detector 378, this detector 
will provide a logical 1 signal to the logical AND gate 376 causing it to be active. 
If the vehicle speed is also greater than the third threshold level and the system is 
in the program stop mode as previously described, the AND gate 376 will produce a 
logical 1 output signal. An output terminal of the AND gate 376 is connected via a 
conductor 384 to a gate terminal of a field effect transistor 386 . The output terminal 
of AND gate 376 is also connected to an input terminal of an inverter 388 whose output 
terminal is connected to a gate terminal of another f ield ef f ect transistor 390 The 
FET's 386 and 390 work in conjunction to control an amplifier 392. The amplifier 392 
is so arranged as to provide a fixed level of error signal onto the output conductor 
66 when the brake anticipation circuit is active. In this regard the field effect 
transistor 386 has a source terminal connected through a resistor 394 to a positive 
voltage source. The source terminal is protected by an inverse parallel pair of diodes 
396 and 398 which are connected between the source terminal and the signal ground. The 
drain terminal of the FET 386 is connected to a drain terminal of the FET 390. A 
source terminal to FET 390 is connected through a resistor 400 to a negative voltage 
source V- . The source terminal of FET 390 is protected by an inverse parallel 
connected pair of diodes 402 and 404 connected between the source terminal and signal 
ground. 

Detailed Description Text (74) : <=^^^<* 
For a better understandin g of the effect of the brake anticipation circuit, reference 
is made to FIG. 7 in which there is shown a desired velocity versus distance profile 
and an actual velocity versus distance curve for a vehicle . The line 422 represents 
the maximum velocities of a vehicle over a range of distances from the stopping point 
423 for which the vehicle can be stopped without exceeding the desired deceleration 
rate The line 4 24 shows the actual velocity of the vehicle over a portion of the 
track. The point indicated at 426 is the point at which the vehicle enters into the 
position stop control mode. Without the brake anticipation function the velocity would 
remain constant until the point 428 at which the vehicle velocity intersects the 
desired profile. Because of the slope of this profile and the tendency of the vehicle 
to overshoot the performance profile as illustrated, an excessive amount of brake or 
jerk may be felt by the passengers. By instituting a brake anticipation function at 
the point 426, the vehicle can be caused to gradually slow so that the function 
follows the line illustrated at 430 and gradually rounds into the desired profile. 
This anticipation function therefore provides a smooth transition onto the desired 
distance/velocity profile. 



CLAIMS : 



1 In an automatic control system for a train of one or more wheeled vehicles 
traveling on a fixed guideway along which a plurality of wayside signal devices are 
located at different predetermined distances from a desired stopping point for 
providing information to the train indicative of the distance from a signal device to 
the desired stopping point, an improved arrangement for effecting operation of the 
train on a predetermined velocity-distance profile comprising: 

(a) means for monitoring the rotational velocity of a selected wheel on a 
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predetermined one of the vehicles and for producing a first signal representative of 
said rotational velocity; 

(b, means for producing a second signal representative of the diameter of said 
selected wheel; 

Ehe guideway and the desired stopping point; 

(d) addressable memory means ^^^^^^^STSJSiLt 
SSSS^I^i^ - move the different predetermined 

distances on the guideway; 

that address; 

the wayside signal devices; 
. (g) S aid counter means being responsive . to said first ^JJ^^ 
^^SS^S^^c^ mfanfifa continuous reference of the distance 
remaining to the desired stopping point; 

deceleration rate; 



air= £ ss=a nrsfss.* swsss ass-. 

and 

stopping point. 

a. The system of claim 1 and including means for P-ducing a ^-thjle-g 
SSSS^jTtSS SbSSSa'Sf 2 ^^^ fourth 9 signals for generating 
said memory address. 

4. The system as defined in claim 3 and including: 

,a, means for receiving a desired velocity command signal and for generating therefrom 
a velocity reference signal; 

controlling the velocity of the train of vehicles. 

6. The system of claim 3 and including means for reducing the deceleration rate of the 
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train by adjusting the n^nitude of the desire, heater 
ITHiir velocity of the train is less than a £"t ?r d redet ermined velocities 

X'JSf .'STSSSS raSTndi^TfVn U-n/stop. 

,. The syste. of clai. 1 and ^^^^^^T^ZZS^^**. 
detection of said one wayside -ifal^ice «or xnitiatxng p predete rmined value 
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. * „ a Pile- USPT Mar 25, 2003 

L21: Entry 1 of 18 File, u^i 

DOCUMENT- IDENTIFIER: US 6539292 Bl , 
TITLE: Using location- influenced behavior to control model railroads 

N ef^thodra nd'techniques are presented for utilizing digital [^^ t i«^ mltt,>d 
bv a movinq device (such as a model locomotive on a model railroad) to allow the 
movtng device to itself influence the way it is controlled and allowing a moving 
device (such as model locomotive on a model railroad) to itself send specify 
Instructions or cause others to send specific instructions toother devices on the 
model railroad for the purpose of controlling or influencing their behavior These 
^ScSqS can'be employed in the control, automation and operation of 
scale model railroad layouts to permit signif "ant increases "Jhe level of 
automation that can be utilized on a model railroad and with this increase the 
illusion of operating a real locomotive . 

M£\T27olter liillar forms of model railroad control in use today utilize a form 
of control referred to as open loop. The command station sends an instruction to a 
movinq device within the locomotive and the modeler uses visual means to determine if 
the desired operation occ urred. The Command Station has no idea if the moving device 
received the transmission or is even present on the layout. This is a very effective 
form of control as has been shown in the widespread use of NMRA DCC. However it has 
its limits. 

CurrentirthLe e is no' method for a moving device to initiate the transmission of 
information to t„e control system. Without this transfer initiation it is not possible 
for the control system to base its decisions on what is actually occurring within the 
locomotive on the layout. The one exception is Service Mode. In service mode the 
moving dev ice has the ability to transmit back an acknowledgement by P r ° v ^"? * ^° ad 
whicS the control system can identify. This is used by the control system to display 
to the user the concents of Configuration Variables that are stored in the moving 
device An example of this is the ability to read the address of the decoder within a 
locomotiv^ wSle on a special service mode section of track. Other techniques for 
detecting information are described in Zimo, Digitax and Lenz (discussed below) . 

B rief Summary Text (5): . i „ =, 

Existing forms Location behavior influence. Location-influenced behavior is * 
technique for automating the desired operation based on the location of the locomotive 
or train on the layout. Having a train automatically reverse its direction at two end 
points i s perhaps the simplest example of location- influenced behavior. Another 
primitive form of this technique currently in use is stopping a train in front of a 
?ed signal by transmitting a broadcast DCC stop packet to the moving device located 
within the block preceding the signal. 

In 1 NMRA U DCC r the e po llrity of the rails has no effect for influencing the locomotive 
direction. To reverse the direction of a DCC locomotive you must transmit a specific 
instruction telling the locomotive to reverse. This instruction is transmitted by the 
command station (signal generator) to the specific locomotive . 

Brief Summary Text (8) : 



lofo 



5/1/03 2:52 PM 



Record Display Form 



http://westbrs:8002to^^ 



track section. 



Brief Summary Text (9): . , - r all forms Q f location-influenced 

operation behavior or its direction of movement. 

Brief Summary Text (10) : locat ion-inf luenced behavior works, it has its 

therefore which locomotive it should influence behavior for. 

specific location. This was accomplished by modifying a series of bits to tell the 
Ipproachls tlTe SSy'^Sil^f^t?^ up to a 4 bit acknowledgement 

S;#t?.ir srssr-2 ^"^^S 

affects all locomotives entering the region. 

e e ae acknowledgement is detected and by integrating the request with the 
response tne knowledge that that particular moving device is somewhere in the 

ot u onknowr, amlc. unl... .11 10, 000 .ddr..... .re cr.no.jteed (reeoii.. ' 

Slnut. Co er.o..lt> and th. -ce.eity to ioere,,. the ""J.?" 

current pickups of the moving device. 

MaitraxTef ST Pat' 'no 6,220,552, issued April 2001 for a specific method for 
detecting a bit 'transmitted by the moving device) solved both the pickup damage and 
tne preamble addition problems by transmitting the bits via a series of 1°"=^^ 
pulses which, while more difficult to detect, allow for use on any conforming NMRA DCC 
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system. Like the Zimo approach, this detector is able to detect the f 
soecific commands being received by a moving device as specified in NMRA RP 9.i 
Mated August 199A) . Since the commands acknowledged are address specific, the 

mmmmimmw 

trifle location and then only get back an acknowledgement that the action was 
successful None of the proceeding technologies allowed the locomotive to initiate 
activity. 

l irT 11 Ululates Enf soiutlon to the problem illustrated in FIG. 10 by providing a 
FIG. 11 illustrates cneb wheels of the front locomotive have completely 

SSrSTS^dStSSS ^nran^belore^hffront wheels of-fhe^nd moving device 
have entered the detection zone. 

g ^ng^ne^roged^w or^for bi-directional communication a detector can detect 
hh^ frtual address of the moving device within the detection zone and from this 
request specie command be sent to that particular moving device to do such things 
as restrict the speed of the train in front of a yellow signal or through an 
interlocking stop the train iF^station or in front of a red signal, or blow the 
whistle in front of a grade crossing. 

^e^uses 6 of l££«£S f fenced behavior include allowing the user tc . place a moving 
device on the track and instantly being told of the moving device ■ addresS T Such a 
technique is also useful in hidden yards for identifying specific 

invention also includes a technique for the moving device to tell the system which 
route to take and for the moving device to also tell the system what type of y&g ^ 
is for the purpose of influencing the behavior modification (high speed passenger 
trkns have aifrerent rules at signals than slow freights.) These techniques are 
described in subsequent paragraphs. 

^rtnelonowlnrparagrap hsipecific examples are provided to back up the claims made 
in this application. FIG 5 provides a method for a moving device to influence the 
behavior of an eternal device. In this method the moving device transmits its 
identity for the purpose of sounding specific sounds as it approaches a grade 
crossing. The locomotive moving device sends a broadcast command which is read by a 
detlctol alo ng side the layout. Based on the train type information received the 
detector selects the correct sound type and transmits it to an under table sound 
dev!ce The result is that the moving device has influenced the behavior of the under 
table sound device 
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^^^l^^^ ^U.t^io, method for a bovine device on the model 

3££ ^rS^tfliSw^^l »^ S»T« to nave the illusion 
of the experience of actually operating a prototype locomotive . 

Detailed D escription Text (31): M _-k w 4 th a detector, detection is simple 

If you have only a sing }U2|2E2tg| « a block with a detector^ ^ 
as you only have a .ingle transmitter However ff^ n ission of all the other 

boundary it may provide the electrical patn tor cne situation is two 

broadcast data for other locomotives ° n the layouts The worst ca example, if 

rase -s s.v=s s=£. a. s ~ r Lfl-j-.-- 

a: srsiss &5?ss 

device enter the detection zone and before the first wheel of received 
enter the detection zon< , - y a ingle ^£* t *%r£ a £ mx that the moving 
is valid. FIG. " lllus " a tes tnis * 00 scale miles an hour. In HO scale for example, 
devices are traveling at a speed of locale * which ides less than 0.05 

sec:nas 9 for V the detector to properly detect a transmitter or about 9 DCC packet times. 
Tnis Jroviles the design constraint! which this invention must satisfy. 



and route information. 



transmission 



move on. 



^ditionarda arams T tor train type identification and desired route identification! 

^gp^rS^^ l'Si'detector the type of train that is entering the 
KEEtSS zone" This is for the purpose of deciding how to control it and also 



controlling external devices. 

Detailed Description Text (59) 
[Example Train Type Table] 
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Detailed Des cription Paragraph Table (2) = detector listening to 

1 The moving device broadcasts it, address and trai|tyP detection zone and 

information being transmitted hears the arrival °* 'he h tell s the specific 

transmits the desired i nf ° rmatlon t° the signa^ gene this moving device' address. 3 
sound generator to respond to ^und commands se n to generator and assigns 

Alternately, the signal generator presses the nearest s g ic locomoti yg in 

this sound generator to listen to background sounds unique to the 

its area. 4 The sound generator £«- B ^J*^^ 5 A user changes the 

train type being controlled and the speed or signal generator transmits 

^iid of the^ocomotive and des ^ « b^te 7 This information is amplified and 
the specific commands to locomotive address 7 xn , f icable performs 

transmitted to the track B The l°£2S2|iZ§ C £££ B ed to the same address hears 
the desired function 9 The sound generator ° e ing assigne and th£ 

the same commands and changes the background sounds to reflect th J?^ ^ ^ 
other user initiated sound functions are ^tivated fl<>;5jn5oveB wit h the 

S t providing1rfllu f sion%haf the^^fis comtnffrom the moving device on the 



layout . 



^tailed Des crip ti o n Para 3 ra P* Tabl< T 1 is constantly transmitting its address and 

r ^ lii °^l i ^^ '^a detector connected ?o the track detects the presence of 

train type information. J A detector connect generator that this 

thieving device and notif les the di f^al control sig g ^ g . gnal 
particular moving device ha \ enter f a ^s detectio n mo device . 4 A 
generator transmits a refresh speed and direction packet to device Qn 

power station adds current to the instructl °^ an ^ ra ns t r uction is for itself by 
the layout. 5 The moving device determines that the instructio ^ 

comparing its address to the address in the ^ruction a nop movi device 

operation. In the packet that immediately ^ nsc q£ ^ motor 

transmits the back emf load «forMtion that represents tn^ track Ustens 

and in turn the load of the entire t^ain^ 6 A detec tor co coming back from 

both to the transmission of packets to the ^oad a na associat e the data being 
the layout. The detector Performs the ^ata aggregation transmits the load 

received with the address transmitted in the previ op knowing the 

received to the cab device that is controlling the t|ain 7 ^ interface . 

load of the train being controlled can modify the look and variation of power 

For example, a lightly loaded t^ain will respo nd qu respo nds much slower, 
or breaking applied. A fully loaded £ff^ s has re °^ t ra ° f cha nges of load received due 
Adjustments can also be made by the cab as a ^sult ot c g transmitted to 

perhaps to the train climbing a 9rade. Hew irfor«ation^ror c si al generator 
the digital control signal generat or . Th ^ gital control J tM 

constructs new instructions based on t^ e , u ^ e ^ at ion adds power to the signal and 
new information to the power station. 9 A power station a P station can make this 

transmits it to the moving d -^^°^ e ^ ce U (handheld) which can vary the brakins 
information available to a controlling device Uiandh , ^ ^ 

eLSLsanfiswefS^jj-j — ss - - * — 

railroad ( locomotive ) . 

Detailed De scription Paragraph Table (4) : . ted to turn red. 2 The moving 

1 A signal located on the model railroad is instructea to t u in e 

device on the model railroad is F^"""*"™^^ signal 3 A detectSr-connected 
information and enters the area bel "9 f fand taowing that the signal is 
to the track detects the presence of the mov«g device and k g digital 
red instructs the digital control signal generator to stop the t^^ transmits a 

control signal generator knowing the speed of the^n and the t^^VP c 
series of slow down instructions f ollowed by a stop ™" t and transmits it to 
moving device . 5 A power station adds current to the rnstructio instruc tion 

^ f ritL?rby%ompar!n g a I?radd r es: Tthe address^ the instruction slows down 
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and S top S the train. In the packet that i-diately fo ^^eSSKdtS^T^ 
st op packet instruction the movxngdevxce transmits . ^ n of packets to the 
detector connected to the track l is tens oorn to detector performs the data 

railroad and to response coming ba ck from the layout . ^ ^etec tor p cket 

turns green and the moving device can proceed. 

Detailed Des cription Paragraph Table (5) : transponders 

Sisrsss ftsrsss^ ="PKrH araa/i s-yss-: s* 

the tag and in this way continuously transmit its location to the cab that is 
controlling it. 

Detailed Description p * ra q ra P h ^able (10) = influence behavior for 

SS addre^^r^ navHata roTenf F A am operating at a consist address 

F4 Direction of movement is reverse to normal 

Detailed Description Paragraph Table (11) ] routes Train Type Special 1 1 

Message Type CDDD DDDD Route Control Special 2 1 of 20 routes Train lype ^ 

of 20 train types 

E: Is ss s^^^.^^jV"sss^ 

SSS" R..°"«d M 000111 Hl 9 h Speed Bxpt... High Speed 

r^s';^:.^ c .US i'^troii.d ^ -? ^ 

Identification for NMRA-DCC protocol" , ZIMO Elektromk, Oct. 13, 1996. 
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DOCUMENT- IDENTIFIER : US 4235402 A 

TITLE: Train vehicle speed control apparatus 



£e present i ndention relates to a train vehicle speed control apparatus which 
recognizes a chang e^ sag of the acceleration_ra£e or the derflem ion rate of a , 
train moving ^d^TC^^ ^ n,, rmt-.rol of the tram velocity m relation to wha t 
5lHi n^ mi I I he required lor a desired operation of Strain such as apTidetermined 
^ef rease In the train speed or a stopping ot the train. 11 C Ke deceleration rate has 
changed for exampTiT the fixed physical system limits what control can be exercised 
aSdttevdcUyof the train can be modified to adjust the actual stopping distance 
used by the train or withXTixed stopping distance desired then the permitted train 
velocity can be changed. 

Ittl gSnVS tSl'th. movement speed of one or more train vehicles moving along a 
track including a plurality of signal blocks through the use of speed code signals in 
accordance h desired fail-safe control system operation^ Prior art discloses of 
similar railway track signaling systems can be found in U.S. Pat No. 3. "2. 712 of G. 
M. Thor ne-Booth et al, U.S. Pat. No. 3.551,889 of C. S. Miller and U.S. Pat . Nos 
3 532 877 and reissued 27,472 of G. M . Thorne-Booth. In addition an article entitled 
"Design Techniques For Automatic Train Control" by R. C. Hoyler in the Westinghouse 
Engineer for July, 1972 at pages SsTS 104 and an article entitled "Automatic Train 
Control Concepts Are Implemented By Modern Equipment" by R. C. Hoyler in the 
westinghouse Engineer for September, 1972 at pages 145 to 151 describes train control 
equipment design for safe operation. 

Brief Summar y Text (3): . . _ 

For the purpose of starting and stopping the movement of a train^ it is desired to 
know the value of the adhesion coefficient of friction between the train wheels and 
the track rail upon which the train is moving. The operational speed permitted ora 
second train following an earlle^f irst train is determined in part by the location of 
the firTT Train on the track ahead of the second train as well as the adhesion 
condition ^f-Ehe track ahead of the second train. If it is desired to stop the second 
train a predetermined safe distance behind the first train with no concern about a 
collision between the two trains, it is necessary to determine a safe distance to 
begin stopping the second train behind the first train. This distance is * function of 
the adhesion level and the^ulting deceleration rate that can be reasonably achieved 
by braking the train in relation to the train velocity. In general this stopping 
distance D can be determined by the relationship: 

Brief Summa ry Text (4) : , T£ • „ 

where V is the tra in velocity and R is the known deceleration rate. If rain ice or 
some other f ilm~m^te~rial is present on the track, this will change the deceleration 
rate R. 

Brief Summary Text (5) : , _ 

It is known to pro vide wheel slip or slide detection and control apparatus to remove a 
command for propulsion or braking of the train until the abnormal adhesion situation 
is corrected. The tractive or braking effort being applied to the wheel axle must be 
corrected to permit the wheels to regain the speed equivalent of the train speed. A 
speed signal is developed for each axle by suitable speed sensors with a D.C. output 
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voltage proportional to frequency of the output of the speed sensor being de veloped 
and a derivative of this voltage being used to trigger a slip slide control system as 
described In a publication entitled "Propulsion Control For Passenger Trains Provides 
Hioh Speed Service" by J. E . Moxie et al in the Westinghouse Engineer for September 
1970 at pag e ri43 to 149. When the derivative voltage exceeds a value equivalent to 
wheel acceleration or deceleration of 8 miles per hour per second an output f rem the 
slip slide control system picks up a relay to initiate action that reduces the 
tractive or braking effort until the slip or slide is eliminated. Once the slipping or 
sUding condition has been eliminated the wheels should return to a speed equivalent 
to train speed. An assumption can be made that the return to "P^*^ 1 ^ " the 
ordir~of the rate of 8 miles per hour per second or greater, therefore a speed 
derivative with a sign opposite the sign of the derivative signal that initiated the 
reduction in tractive or braking effort can be used to reset the control system, 
eliminate the system output, drop out the control relay and reestablish the desired 
braking or tractive effort. 'it is recognized that the assumption that « ^alent 
wheel deceleration always follows a wheel slip acceleration and vice versa may not be 
valid and for this reason a time out circuit is provided with timing initiated when a 
Ivstem output signal occurs. If the opposite sign derivative does not occur before the 
ena of three seconds, the control system is reset and the relay dropped out by the 
timing circuit which relay drop out then permits the desired tractive or braking 
effort to be reestablished. 

The e sUniide T con troi : signal operates with the speed command control equipment 
carried by the train to lower the vehicle operating speed down to a safe minimum 
adhesion level, ^hich has been previa determined and permits stopping the t|ain in 
the provided distance. The vehicle either stops in accordance with a normal level of 
operation or in accordance with a predetermined minimum level of operation. If desired 
Z adaptive control system can be provided knowing the train characteristics and the 
extended kind of the slip slide track condition that has actually occurred^ A time 
duration can be sensed for a given slip slide condition or several short time slip 
slide conditions are integrated to slow down the train speed. By using a cont rol 
sicnal determined by the activity of the vehicle wheels it can be determined if only a 
short slip su!le condition occurrence is pTiiinted or an extended slip slide activity 
condition is presented. 

The^res^t^peef control apparatus can be onboard carried by each vehicle so each 
c^in o^erm^nes its own response. The first train in the morning, ^ example moves 
intc-an environment including fog and rain with some rust film on the rails and may 
experience a considerable amount of slip slide activity and have to operate at some 
reduced level However, the tenth or may be the twentieth train that Passes over he 
same rails the same day will probably be able to operate at the normal speed level. 

FIG Wi i q is e a C scnematic e sn owiig of the present train_vehicle speed control apparatus; 

glG W 1^nu S tSteB P a T tir st 6 ta y side operative train vehicle adhesion characteristic 
determination apparatus; and 

Drawing Desc ription Text (7): v, -,^„4-^ r* 

FIG. 6 illustrates a sec ond wayside operative train vehicle adhesion characteristic 

determination apparatus. 

Detailed Description Text (2): , . 

Rapid transit systems generally achieve large flow capacity of maximizing the 
performance of the train vehicle within the constraints of the system safety. Asa 
ru le headways and/or close up dist a nces are based upon the speed and b raking ra e^ or, 

-jxample, if a speed V is being maintained for the train vehicle ana a i^^l^^L^R 
a y,n,hl. then the distance D is required to stop the vehicle as set forth by above 

"•gguatiori (T) Tf thi ^^I^Ip braking rate V is re fliirPrt , men p i r-ner ine ulst aScfi-IL 
^ inrr^.pH or ^ ^w-iry v reared to achieve their required safety margin^ 
This present invention can be utilized to allow the maximum use of available 
deceleration capability of the train vehicle in relation to the track in order to 
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preserve system safety. It was known in the prior art to determine the system safety 
criteria assuming either an average value of the coefficient effraction for all parts 
of the system under all conditions or a minimum value existed as a worse case for ail 
calculations. Assuming that the first condition is made it is easily understood that 
under an adverse condition it might be feasible to cause an accident because of a 
Cesser than average required deceleration rate being available, and assuming the 
second case it is again easily seen that if all margins are calculated on a worse case 
basis significant deterioration of system capability results. The present invention 
is adaptable to automatic or manual control systems for achieving maximum useful 
Opacity consistent with the av^ble^^ 

particularly useful in g"t"fflfl rir gy^nQmc that nrp ucea in regi nnh . 

^Limatic changes caus e significant change in traction capability. 

Detailed Descripti on Text (3): , 
As snown in FIG 1 a prop ulsion and braking control apparatus 10 carried by a train 
vehlcaTli in relation to movement along a track 13 is operative with one or more 
propuls ion motors 12 and the vehicle brake system 14. One or more tachometer speed 
sensors 16 coupled to the vehlcli^ heels provide an actual speed feedback signal over 
conductor 18 to the vehicl^ ^ed regulation apparatus 20. A desired speed signal is 
supplied over conduc tor 22 to the speed regulation apparatus 20 from a speed signal 
receiver ^operative with an antenna 26 carried by the vehicle 11 and a speed command 
decoder 28 The speed regulation apparatus 20 provides a P signal as described in an 
art?c!e entitled "Automatic Train Control Concepts Are Implemented By Modern 
Equipment" by R C. Hoyler iuT^ublished at pages 145 to 151 in the September 1972 
Westinqhouse Engineer and in the above-mentioned article entitled "Propulsion Control 
"or Patenter Trains Provides High Speed Service" by J. E Moxie et a . The P signal 
on conductor 3 0 goes to the propulsion and braking control apparatus 10. Separate 
^peed sensors iVcoupled to ^ vehicle wheels supply a speed signal to the slip slide 
monitoring apparatus 32 which provides a slip slide control signal on conductor 34 to 
the propulsion and braking control apparatus 10 and on conductor 60 to a track 
adhesion condition sensing apparatus 36 in relation to the time and the ex en t of each 
wheel slip or slide condition of the wheels of vehicle 11 in relation to the track 13. 
The track adhesion condition sensing apparatus 36 provides a control signal on 
conductor 38 to the speed regulation apparatus 20 such that there results a 
modification oS the desired fpeed command signal for modifying the speed error signal 
on conductor 30 going to the propulsion and braking control apparatus 10. 

The a sp:ed D r^tion appa ratus 20 is operative with the speed signal receiver 24 and 
the speed command decoder 28 such that a plurality of input frequency signals are 
available ov™ the conductor 22 indicating at what desired speed the v|h|cl| 11 should 
be running and this supplies a respective crystal oscillator within the speed 
regulation apparatus 20 to determine the vehicle speed by providing a desired speed 
signal . 

Detailed Descrip tion Text (5); , . „ wofal 

in FIG 2 the speed regul ation apparatus 20 including the provided input crystal 
oscillators are^hown, with the frequency of the desired speed signal being fed from 
input crystal oscillator 50 into a digital monostable 52, such as disclosed in U.S. 
Pat No 3 749,994 of T. C. Matty, for converting the frequency signal from the 
crystal oscillator 50 into a precise analog desired speed signal voltage which is 
supplied to the comparator 58. The speed sensors 16 operative with the wheels of the 
train vehicle 11 provide an actual speed signal to the comparator 58 for comparison 
with the desi red speed signal from the digital monostable 52 such that a speed error 
signaiis providedby ^comparator 58 over the conductor 22 to the propulsion and 
braking control apparatus 10. In addition the actual speed signal from the speed 
senBor 15 is supplied to a slip slide monitoring apparatus 32 ^ c ^P rov ^^/^°^ 
signal over the conductor 60 when there is an excessive slip condition sensed or there 
is an excessive slide condition sensed between the wheels of the train vehicle 11 and 
the track 13. When the control signal on the conductor 60 is provided, a crystal 
oscillator 62 having a predetermined frequency of operation is energized to supply a 
signal through the OR gate 56 to the digital monostable 52. The crystal oscillator 62 
operates at a higher frequency as compared to the crystal oscillator 61 to in effect 
reduce the magnitude of the analog output voltage supplied by the digital monostable 
52 and this operates to lower the speed of the train vehicle 11. As well known to 
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persons skilled in this art, the digital monostable 52 can provide an output average 
D.C. voltage which is a function of the pulse rate determined by the input frequency 
signal from oscillator 50 and a function of the pulse period determined by the 
frequency of the input frequency signal from one of oscillators 61 and 62. Since the 
frequency of oscillator 62 is higher than the frequency of oscillator 61, the pulse 
period is less for the former oscillator 62 and the output voltage from the digital 
monostable will be correspondingly less. By proper selection of the respective 
frequency of the crystal oscillator 62 as compared to the frequency of the crystal 
oscillator 61, any percentage of speed reduction for the train vehicle 11 can be 
provided as desired in relation to the slip condition or the slide condition sensed 
between the wheels of the train vehicle 11 and the track 13. 

Detailed Description Text (6) : 

In FIG . 3 there is functionally illustrated the operation of the slip slide monitoring 
apparatus 32 such that the actual speed signal from the speed sensors 16 is supplied 
over conductor 17 to a one shot circuit 70. The frequency of the pulse input signal 
supplied on conductor 17 is proportional to speed and the signal when applied to the 
one shot 70 gives a calibrated output pulse signal and a repetition rate the same as 
the rate of the input signal on conductor 17. The output signal from the one shot then 
passes through a low pass filter 72 and since a known volt time area is involved at a 
given rate the average voltage is proportional to the vehicle speed. A differentiator 
circuit 74 can be used to sense slip slide conditions and the output of the latter is 
proportional to the rate of change of the average voltage. A level detector such as a 
schmidt trigger is provided to sense the positive rate of change in excess of normal 
and a second level detector 78 is provided to sense the negative rate of change in 
excess of normal. The OR gate 79 will output a control signal on the conductor 60 if 
an abnormal slip condition or an abnormal slide condition is sensed between the wheels 
of the train vehicle 11 in the track 13. For a normal condition no output signal will 
be provided by the OR gate 79. The resistor 73 and capacitor 75 will sense an out of 
bounds from normal rate of change of the signal from the one shot 70. The typical 
acceleration and deceleration for a mass transit system can be in the order of 3 miles 
per hour per second. The level detectors 76 and 78 are set to detect in the order of 
an 8 mile per hour per second rate of change of velocity whereas the normal rate of 
change will be under 3 miles per hour per second. An abnormal slip condition would be 
faster and have a higher slope to the velocity curve. Once the slip slide monitoring 
apparatus senses an abnormal condition, an output control signal is provided by the OR 
gate 79 to the conductor 60 which then becomes operative with the track adhesion 
monitoring apparatus 36. 

Detailed Description Text (7) : 

In the same way vehicle deceleration monitoring may be used to determine what braking 
effort is achieved when a maximum rate is requested and if the response is not within 
allowed specifications then corrective action can be instituted such as lowering the 
speeds on a speed limit or percentage basis. Similarly, vehicle acceleration 
monitoring can be provided to allow sensing of poor adhesion level prior to the 
vehicle reaching a possible unsafe high speed from which is could not safely stop. 

Detailed Description Text (10) : 

The capacitor 89, resistor 90, transistor 91 operate as a minimum pulse circuit to 
assure that once the relay 8 8 is deenergized then the contacts 87 will stay open for a 
small time duration for the benefit of the speed regulation apparatus 20 to respond 
adequately to the opening of the contacts 87. When the contacts 87 open, the conductor 
92 will no longer provide voltage to energize the relay 93 and this opens by gravity 
the latching contact 94. In addition the contact 95 now opens to discontinue the 
operation of oscillator 61, and the contact 96 closes to initiate the operation of the 
oscillator 62. A momentary manual reset switch 99 is provided to energize the relay 93 
and close the contacts 94 and 95 when desired by the train vehicle operator. 

Detailed Description Text (16) : 

In FIG. 5 there is illustrated the wayside measurement of vehicle performance in 
relation to a provided speed change signal or an automatic speed change which occurs 
at a known location along the track. If the train vehicle 11 is running at its normal 
speed as it passes a predetermined slow down point along the track 13, either the time 
to reach a fixed distance or the speed of the vehicle at a fixed distance can be 
measured. In FIG. 5 there is illustrated apparatus for measuring the speed of the 
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vehicle 11 at a fixed distance. The speed signal transmitter 120 operative with 
antenna 122 in relation to a shunt 124 connected between the rails 126 and 128 of the 
track 13 is operative to provide a change in the speed command to the vehicle 11 when 
it enters the track signal block terminated at one end by the shunt 124. When the 
vehicle reaches the location of vehicle detector 100 a known distance away from the 
antenna 122 the wayside detection apparatus 102 can establish the time duration of the 
passage of the vehicle between the location of the vehicle detector 100 and a second 
vehicle detector 104 having a known spacing or distance between the vehicle detector 
100 and the vehicle detector 104. In this way the speed of the vehicle 11 passing 
between the vehicle detector 100 and the second vehicle detector 104 can be 
established. Knowing the speed of the vehicle 11 passing between the vehicle detector 
100 and vehicle detector 104 permits an evaluation of the available adhesion level of 
the wheels of the trains vehicle 11 in relation to the track 13 and this permits 
appropriate wayside vehicle speed control action to be initiated. For example, if the 
adhesion is poor in this respect the speed command to the train vehicle can be lowered 
by suitable speed command in subsequent track circuit signal blocks or the safe 
distance permitted between successive train vehicles could be increased through 
changes in the provided safe stopping profile. 

Detailed Description Text (17) : 

In FIG. 6 there is shown a wayside detection of vehicle performance in relation to 
illustrated track circuit signal blocks N-2, N-l, N, N+l, N+2 and N+3 as determined by 
shunt connectors between the rails of the track 13. A speed encoder 110 operative with 
the track circuit signal block N=2 is operative to provide a predetermined vehicle 
desired speed level within the signal block N-2. The wayside detection apparatus 112 
is operative with the transmitter 114 to provide a different speed of operation in 
relation to the signal block N-l and the receiver 116 is operative with the wayside 
detection apparatus 112 to determine when the train vehicle 11 enters the signal block 
N+2. Since the physical distance between the signal block N-l and the signal block N+2 
is known, this permits the wayside detection apparatus to determine the vehicle 
acceleration or deceleration between the change of speed command provided by the 
transmitter 114 in relation to track circuit signal block N-l and the time required 
for the vehicle to reach the signal block N+2 . 

Detailed Description Text (18) : 

The vehicle measurement illustrated by FIGS. 5 and 6 are vehicle passive and can be 
implemented on a zone region basis and could control the vehicles passing through the 
particular zones involved. The control apparatus illustrated in FIG. 1 is carried by 
the train vehicle . 

Detailed Description Text (19) : 

In addition to the control apparatus as shown in FIG. 1, it is feasible to send a 
signal from the vehicle whenever a poor adhesion condition is established which 
transmission could take place at identified locations or it could be sent through a 
radio link such that a system or a subsystem speed restriction could then be enforced 
as considered to be necessary. In the operation of the control apparatus as shown in 
FIGS. 1 and 2, the speed control provided by the crystal oscillator 62 could for 
example provide a running speed of 75% of the otherwise desired speed provided by the 
desired speed signal from the speed command decoder 2 8 if desired. 

CLAIMS : 

1. in train vehicle speed control apparatus for determining the operation of a train 
vehicle having at least one wheel operative with a track, the combination of: 

means for sensing the actual rate of change of the speed of said wheel; 

adhesion condition sensing means operative with said actual rate of change sensing 
means for determining when said actual rate of change is greater than a predetermined 
rate of change; 

means operative with said adhesion condition sensing means for providing a first speed 
control signal when said actual rate of change is not greater than said predetermined 
rate of change; 
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means operative with said adhesion condition sensing means for providing a second 
speed control signal when said actual rate of change is greater than said 
predetermined rate of change, and 

means for controlling the speed of said train vehicle in response to one of said first 
speed control signal and said second speed control signal, with the first speed 
control signal having a frequency different than the second speed control signal, and 
with said speed controlling means being responsive to the pulse period of the first 
and second speed control signals. 
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